The bactericidal activity of chloramphenicol against 27 strains of Salmonella typhi and 33 strains of S. enteritidis was compared with those of 11 other antibiotics. The geometric mean bactericidal concentrations of chloramphenicol against susceptible strains (36.10 and 43.13 ,ug/ml for S. typhi and S. enteritidis, respectively) far exceeded those of the other 11 antibiotics, with cephalothin having the next highest values (2.67 and 8.66 ,uglml) and moxalactam (0.09 and 0.28 ,ug/ml), cefotaxime (0.08 and 0.28 ,ug/ml), ceftriaxone (0.07 and 0.16 ,uglml), norfloxacin (0.06 and 0.10 ,ug/ml), and aztreonam (0.05 and 0.20 ,ug/ml) having the lowest values. The results for imipenem (0.24 and 0.81 ,ug/ml) and ceftazidime (0.22 and Q.75 ,ug/ml) were lower than those noted for trimethoprim-sulfamethoxazole (1.20 and 5.56 ,ug/ml), cefamandole (0.62 and 3.29 ,ug/ml), and ampicillin (Q.55 and 2.78 ,ug/ml). The were carried out in duplicate in microtiter trays with Mueller-Hinton broth (14). The antibiotic concentrations used ranged from 0.05 to 100 ,ug/ml. Each well was inoculated to a cell density of ca. 100,000 CFU/ml. Pairs of inoculation trays were incubated at 37°C, one tray for 24 h and one tray for 48 h. The MIC was defined as the lowest concentration of antibiotic able to inhibit visible growth of the test organism. The contents of each clear well (0.1 ml) were spotted onto the surface of a predried Mueller-Hinton agar plate. After the spots had soaked into the agar, the plate was incubated at 37°C for 24 h. The MBC was defined as the lowest concentration of antibiotic able to kill at least 99.9% of the original inoculum (i.e., '10 colonies per spot).
The bactericidal activity of chloramphenicol against 27 strains of Salmonella typhi and 33 strains of S. enteritidis was compared with those of 11 other antibiotics. The geometric mean bactericidal concentrations of chloramphenicol against susceptible strains (36.10 and 43. 13 ,ug/ml for S. typhi and S. enteritidis, respectively) far exceeded those of the other 11 antibiotics, with cephalothin having the next highest values (2.67 and 8.66 ,uglml) and moxalactam (0.09 and 0.28 ,ug/ml), cefotaxime (0.08 and 0.28 ,ug/ml), ceftriaxone (0.07 and 0. 16 ,uglml) , norfloxacin (0.06 and 0.10 ,ug/ml), and aztreonam (0.05 and 0.20 ,ug/ml) having the lowest values. The results for imipenem (0.24 and 0.81 ,ug/ml) and ceftazidime (0.22 and Q.75 ,ug/ml) were lower than those noted for trimethoprim-sulfamethoxazole (1.20 and 5.56 ,ug/ml), cefamandole (0.62 and 3.29 ,ug/ml), and ampicillin (Q.55 and 2.78 ,ug/ml). The 'MBC of chloramphenicol for some isolates decreased with increased incubation times such that the proportion of susceptible isolates killed by chloramphenicol at concentrations within achievable levels in blood increased from 10% after 24 h to 26% after 48 h of incubation. Although the MBCs of the other 11 antibiotics for some isolates were also lowered by prolonged incubation, all 24 -h values were within achievable levels in blood. The data indicate that chloramphenicol is not uniformly bacteriostatic against S. typhi and S. enteritidis. The in vivo significance of demonstrating delayed killing by chloramphenicol is, however, uncertain.
Chloramphenicol is generally regarded as a bacteriostatic antibiotic for Salmonella spp. (19, 22 were carried out in duplicate in microtiter trays with Mueller-Hinton broth (14) . The antibiotic concentrations used ranged from 0.05 to 100 ,ug/ml. Each well was inoculated to a cell density of ca. 100,000 CFU/ml. Pairs of inoculation trays were incubated at 37°C, one tray for 24 h and one tray for 48 h. The MIC was defined as the lowest concentration of antibiotic able to inhibit visible growth of the test organism. The contents of each clear well (0.1 ml) were spotted onto the surface of a predried Mueller-Hinton agar plate. After the spots had soaked into the agar, the plate was incubated at 37°C for 24 h. The MBC was defined as the lowest concentration of antibiotic able to kill at least 99.9% of the original inoculum (i.e., '10 colonies per spot).
Summary MICs and MBCs were calculated including only susceptible strains. For calculation of the geometric mean (GM) MICs and MBCs, results that were equal to or less than the lowest concentration tested were used as is, whereas results that were greater than the highest concentration tested were arbitrarily assigned a value that was one dilution higher.
RESULTS
Based on both disk diffusion and MIC results, 6 (22%) of the 27 S. typhi strains were resistant to chloramphenicol. One of these six isolates was also resistant to ampicillin, whereas one other was also resistant to TMP-SMZ. The S. enteritidis isolates were more resistant. Of the 33 isolates, 17 (52%) were resistant to ampicillin. These 17 strains included 4 (12%) that were also resistant to chloramphenicol and 9 (27%) others that were also resistant to both cephalothin and cefamandole.
In general, MICs and MBCs for S. enteritidis were higher than those for S. typhi (Tables 1 and 2 ). Chloramphenicol and cephalothin had the highest GM MICs for both S. typhi and S. enteritidis (for chloramphenicol, 2.60 and 2.31 ,ug/ml, respectively; for cephalothin, 1.76 and 3.04 ,ug/ml, respectively) ( Table 1) . On the other hand, moxalactam, cefotax- ime, ceftriaxone, norfloxacin, and aztreonam had the lowest GM MICs, ranging from 0.05 to 0.10 ,ug/ml.
The GM MBCs for chloramphenicol were 36.10 ,ug/ml for S. typhi and 43. 13 ,ug/ml for S. enteritidis, both of which far exceeded the results for the 11 other antibiotics (Table 2 ). Of these, cephalothin had the highest values (2.67 ,ug/ml for S. typhi and 8.66 ,ug/ml for S. enteritidis), whereas moxalactam, cefotaxime, ceftriaxone, norfloxacin, and aztreonam again had the lowest values for all strains tested (0.05 to 0.28 jxg/ml). As was the case for the GM MICs, the GM MBCs for imipenem and ceftazidime were lower than those noted for ampicillin, TMP-SMZ, and cefamandole.
The same relative differences among the antibiotics were noted for the MICs and the MBCs for 50 and 90% of the isolates (Tables 1 and 2 ). There were no significant differences in our observations when only the ampicillin-and chloramphenicol-resistant strains were included in the analysis.
Discrepancies between MBCs and MICs after 24 and 48 h of incubation are presented in Table 3 (12) SMZ). On the other hand, all the other antibiotics had discrepant MBCs for the S. enteritidis strains, with rates varying from a high of 52% for TMP-SMZ to a low of 6% for norfloxacin. Furthermore, whereas inordinately high MBCs for more than one antibiotic besides chloramphenicol occurred with only 5% of the S. typhi strains, this property was noted with 41% of the S. enteritidis strains. In no case, however, did the MBCs of the other 11 antibiotics for any isolate exceed achievable levels in blood.
After 48 h of incubation, none of the other 11 antibiotics had an MBC/MIC ratio of -10 against any of the Salmonella strains ( Table 3 ). The change in MBCs and MICs observed for TMP-SMZ against the S. enteritidis strains initially with an MBC/MIC ratio of .10 are depicted in Fig. 2 . As was the case for chloramphenicol, the change in the MBC/MIC ratio was due to a change in MBCs. The 24-and 48-h GM MBCs were 17.42 and 1.25 jxg/ml, respectively; the corresponding GM MICs were 0.78 and 1.07 ,ug/ml, respectively. (1, 7, 24) . Although cefazolin may be effective (24) , the only alternative antibiotic to date that has been relatively well studied and shown to be efficacious has been TMP-SMZ (4); however, resistance to this antibiotic has been reported (20, 21) . Fortunately, favorable results for other, newer antibiotics are accumulating (2, 5, 10) .
Our results also document that, in general, chloramphenicol is bacteriostatic against Salmonella strains in vitro. However, the percentage of isolates that was killed by chloramphenicol at concentrations <10 times the MIC was influenced by the time of incubation, with an increase from 10% at 24 h to 26% after 48 h of incubation. Although the MBC/MIC ratio of -10 was arbitrarily chosen, it did correlate with MBCs that would not be attainable using standard chloramphenicol dosages. Of interest is the finding that the MBC/MIC ratios of .10 obtained after 24 h of incubation for the other 11 antibiotics uniformly decreased to low values after 48 h of incubation. However, the 24-h MBCs were still within achievable levels in blood.
The bacteriostatic nature of chloramphenicol may in some way be involved with the therapeutic problems associated with chloramphenicol therapy of S. typhi, namely, relapse and a carrier state (4, 27) . In addition, the bacteriostatic activity of chloramphenicol should be considered when treating other serious Salmonella infections, especially meningitis (5, 15, 18, 19 (23, 26) as well as after changes in broth (17) , temperature (9) , pH (25) , and inoculum density (11, 16) . Although the changes in MBCs noted after prolonged incubation may simply be in vitro phenomena, it is intriguing to speculate that similar changes do occur in the blood, cerebrospinal fluid, and tissues, assuming that it may take various times for susceptible organisms to be killed once they are exposed to a given antimicrobial agent. The true clinical importance of this laboratory phenomenon is, however, not known. 
